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Abstract
It is highly approved by the competent authorities both internationally and
domestically that the ships’routeing system is one of the most effective measures to
eliminate or reduce the incidence of vessel collision and stranding. It is globally
applied in the vessel traffic control to regulate the vessel traffic flow pattern, which
play an significant role in securing navigation safety and improving traffic efficiency.
General Provisions on Ship's Routeing of the International Maritime Organization
(IMO General Provisions) provides fundamental direction and design criteria of how
to establish and amend a routeing system. In this paper,firstly, more than 180 cases
of traffic separation schemes adopted by IMO will be studied and analyzed, and
some internal rules in designing existing traffic separation schemes under the
direction of these provisions,such as the length and width of traffic lane, the turning
points and the offshore distance to the coast, be sorted out according to different
geographical environment. Secondly, the vessel traffic situation and statical data
of collision accidents in Zhejiang waters will be studied in details and analyzed to
testify whether it is suitable to establish routeing system along the Zhejiang coast.
At last, based on the characteristics of existing traffic routeing systems approved by
IMO and the actual situation in Zhejiang waters, this paper is to pick out Xiazhi
Converging Area that is one of the most congested waters in Zhejiang, as an example
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In order to make the coastal waters safer for the ship navigation and the ocean
transportation more efficient, the Maritime Safety Administration of the People’s
Republic of China (China MSA) promulgates the General Plan of Chinese Costal
Ships’ Routeing System and the General Plan for the Construction of Chinese
Seaway. In the next 3-5 years, China will carry out ships’ routeing system in
converging areas and in areas where the density of traffic is great or where freedom
of movement of shipping is inhibited by restricted sea-room, the existence of
obstructions to navigation, limited depths or unfavorable meteorological conditions.
And it will complete the overall construction project of coastal routes in 10 years, to
create a safe, convenient and unimpeded green “sea highway” alongside the whole
Chinese Costal. So far, 11 coastal areas and 5 sections of Yangtze river have been
covered by the ships routeing system, and in the near future, 26 more waters along
Chinese coast will be included in the Ships’ Routeing System of China. (Maritime
Safety Administration of People’s Republic of China, 2011)
Waters under the Jurisdiction of Zhejiang Province of China (Zhejiang Waters) is
located in the midway of the main south-north route along the China Coast. It is
one of the most density waters in China, where more than 1.6 million merchant ships
pass by every year , up to 4000 ships per day on average. Every day in the fishing
seasons, in particular, there are more than 20,000 fishing vessels gathering around
the main seaways off Zhejiang coast navigating and working, which makes the
crossing situation with merchant ships more frequent and the probability of collision
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much higher. Because of the great density of traffic flow and high risk of collision,
Zhejiang Waters have always been listed as a key area of costal surveillance in China.
According to the statistics of Zhejiang Maritime Safety Administration (Zhejiang
MSA) (2012) , in the last 5 years, there have been 269 major accidents, 256 people
died or missed and 166 ships sank, causing RMB 300 million in direct economic
losses. From the view of accident types in Zhejiang Waters, the collision, especial
collisions between fishing vessels and merchant ships, accounts for 70% the total
accidents.
Surveillance measures, such as scientific planning of seaways and implementation of
ships’ routeing system, paly an important role in maintaining traffic order, protecting
marine environment and protecting life and property at sea.(Liu, 2008) To meet the
urgent need for shipping development as well as for the general planning of national
coastal seaways, it is a burning question to establish ships’ routeing system in
Zhejiang waters to ensure a safe and orderly traffic route for seagoing ships.
1.2 Aim and significance of the research
First of all, because the increasing intensity of the traffic flow, both merchant ships
and fishing vessels, along Zhejiang coast, is making the navigation situation more
and more complicated, it is time for competent authorities to take some measures to
strengthen the vessel traffic management and regulate the navigating behavior to
eliminate or reduce the unwanted disasters due to the chaotic traffic order.
Second, through the analysis of the navigating patterns of the vessels sailing in
Zhejiang Waters, it is clear that along the existing customary routeing, there are many
converging areas where the traffic density is extremely high and the situation of
vessel encountering is quite complex. By means of ships’ routeing systems, it can
largely simplify the traffic flow patterns in the congested areas and eliminate or
reduce the incidence of vessel head-on encounters.(Yu,2006)
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What is more, the meteorological condition in Zhejiang waters is not ideal: poor
visibility on heavy froggy days in spring and typhoon and high winds in summer and
winter, all make the freedom of movement of shipping inhibited. From the view of
natural condition, Zhejiang coast is also suitable for implementation of ships’
routeing system. Therefore, to achieve the requirement in General Provisions on
ships’routeing of International Maritime Organization (IMO General Provisions), it
is necessary to establish ships’routeing system in Zhejiang waters. (Zeng, 2003)
1.3 Layout of the thesis
In the remaining parts of this paper, first in Chapter 2 the characteristics and
developing law of the IMO approved ships’routeing will be summarized and
analyzed, and then in Chapter 3 the necessity of establishing and implementing
ships’routeing system in Zhejiang Water will be listed out and some legal
considering factors and technical criteria according to the IMO General Provisions
will be put forward. After that, in Chapter 4 and Chapter 5 the navigable condition
and vessel traffic flow situation in Zhejiang Waters will be investigated and analyzed.
On basis of the existing rules of the design criteria and actual situation, in Chapter 6
the paper would pick up the Xiazhi converging area outside Ningbo Port as an
example and propose a routeing scheme in the area in hope to eliminate and reduce
the risk of collision and enhance the navigation safety and efficiency in the
converging area. At last in Chapter 7, some suggestions on overall implementation




Statistical Analysis of the Implementation of Ships' Routeing System
2.1 Introduction and basic conception of ships’ routeing system
Routeing system means any system of one or more routes or routing measures aimed
at reducing the risk of casualties. (International Maritime Organization, 2000) It
includes traffic separation schemes, two–way routes, recommended tracks, areas to
be avoided, inshore traffic zones, roundabouts, precautionary areas and deep water
routes.
The precise objective of any routeing system depends upon the particular hazardous
circumstances which intend to alleviate, and may include some or all of the
following:
1. The separation of opposing streams of traffic so as to reduce the incidence of
head-on encounters;
2. The reduction of dangers of collision between crossing traffic and shipping in
established traffic lanes;
3. The simplification of the patterns of traffic flow in converging areas;
4. The organization of safe traffic flow in areas of concentrated offshore
exploration or exploitation;
5. The organization of traffic flow in or around areas where navigation by all
ships or certain classes of ship is dangerous or undesirable;
5
6. The organization of safe traffic flow in or around or at a safe distance from
environmentally sensitive areas;
7. The reduction of risk of grounding by providing special guidance to vessel in
areas where water depths are uncertain or critical; and
8. The guidance of traffic clear of fishing grounds or the organization of traffic
through fishing grounds. (General Provisions on ships’ routeing, 2000)
The traffic separation scheme (TSS) is the most frequently used routeing method.
Modern TSS originated in 1956 when Garcia FriaS, a Spanish rear admiral, proposed
a routeing system consisting of traffic lane and separation zone in and around the
Straits of Gibraltar with heavy traffic. (Wu & Zhu, 2004) In the same period,
Wepster (1978) conducted a research on the developments in marine traffic operation
indicating 90% captains being investigated were all for the traffic separation. In the
present times, the famous busiest shipping routes are all covered by the TSS, such as
the Strait of Dover, the Strait of Bosporus and the Lawrence strait. As to the Strait
of Dover, the collisions dropped dramatically to only 10% the number of accidents
before introducing the TSS.
IMO General Provisions is supposed to provide guidelines for the Governments
establishing and implementing ships’ routeing system. (Liang, 2008) And in fact,
most of the valid routeing systems over the world are in accordance with IMO
guidelines and criteria. What is more, the related issues of routeing systems have
been incorporated to regulation V/8 of the Convention on the Safety of Life at Sea
(SOLAS) and been made mandatory for the contracting Governments to follow. By
the April 2012, more than 180 TSS’s and 100 other routeing methods have been
established in accordance to the IMO guidelines and accepted to be mandatory. (IMO,
2010)
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In China, besides the routeing system in the waters off Chenshan Jiao Promontory
approved by IMO, there are 13 routeing systems in China waters that carried out by
the Ministry of Transport of the People’s Republic of China. In addition, many
other routeing systems in several critical waters are under considering and planning.
2.2 Basic situation of implementation of TSS
TSS is often established in waters where ship traffic density is high or traffic
situation is complicated. In these areas, the use of TSS can rationalize the traffic
flow patterns and enhance the navigation safety and efficiency. However, at the
meantime, it is important to take the navigable environment and existing traffic
pattern into consideration when planning and designing the TSS. In this part, the
existing TSS approved by IMO will be classified and analyzed, in the hope to find
out some internal rules among them.
2.2.1 Statistics of the basic information about routeing systems in world
So far, of all the ships’ routeing systems approved by IMO, there are 184 TSS, 19
deep-water routes, 57 areas to be avoided, 84 precautionary areas, 55 inshore traffic
zones, 4 roundabouts, 6 recommended tracks, 6 two-way routes and 25 other
routeing measures. (IMO, 2010) Figure 1 illustrates the number of every kind of
routeing measures while the Figure 2 shows its proportion.
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Figure1- The Statical Categories and Number of Ships’ routeing methods
Source: Xu,W.H. (2012). Regularity Study on The Design of Traffic Separation Schemes.
Unpublished master’s thesis, Dalian Maritime University, Dalian, China
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Figure 2 - Constitution of Every Kind of Ships’ Routeing Method
Source: Xu,W.H. (2012). Regularity Study on The Design of Traffic Separation Schemes.
Unpublished master’s thesis, Dalian Maritime University, Dalian, China
From the above diagrams, it is clear that the TSS is the most frequently used routeing
measure, which accounts for the largest proportion. Besides, the precautionary area,
area to be avoided and the inshore traffic zone are all common measures in the target
waters.
2.2.2 Analysis of the combinations of routeing methods
In terms of the combinations of routeing measures in the existing routeing systems,
there are 62 areas using TSS’s only, such as Saint Nicholas bay in South America,
where the authority set up a fan-shaped TSS to straighten out the traffic flow in and
TSS
Deep-water route










out the port. However, others are using combined measures of a TSS and another
method, or even combination of several kinds of measures. Within all the
combination areas, 55 areas are covered by the combination of TSS’s and inshore
traffic zone, 80 areas designed with TSS’s and precautionary area, 19 are TSS’s
combined with deep-water route, 57 areas use TSS’s and areas to be avoided, 4 are
combination of TSS’s and roundabout, 6 are TSS’s with two-way route, the other 29
areas are TSS’s combined with recommended direction of traffic flow or other
routeing measures. (IMO, 2010)
2.2.3 Analysis of the areas using TSS
Speaking of the areas where the TSS is established, it can be further divided to
inshore waters, cape, waterway entering or leaving a port, narrow passages and other
waters. Because of the obvious different navigable environments in those waters,
the designed TSS’s vary a lot accordingly. According to the statistics of all the
TSS’s approved by IMO (see Figure 3), there are 60 TSS’s set up in inshore waters,
such as the Feinstein coast in North Europe. 27 TSS’s are used in the cape areas,
such as the routeing system in the waters off Chenshan Jiao Promontory in China.
56 TSS are designed in the waterways entering or leaving a adjacent port, just like
the New York Port in the USA and the outbound waters of the San Nicolas Bay.
The typical example of the 61 TSS’s used in narrow passages are the Strait of Dover
and the Strait of Singapore. Besides, there are 5 more TSS’s are set in other areas.
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Figure 3 - The number of TSS in different waters
Source: IMO. (2010). IMO Ships’Routeing (2010 ed.). London: Author
2.2.4 Analysis of mode of traffic flow organization
From the view of traffic organization, most TSS’s are playing the role of opposing
streams of traffic, which reduce the incidence of head-on encounters. In many
convergence areas where traffic flows are gathering and distributing, such as the
waterways entering and leaving the ports as well as the estuaries, the implementation
of TSS may greatly simplify the traffic flow patterns. At a junction with crossing
traffic, with the help of a rational routeing system, the risk of collision between the
vessels navigating in the established traffic lanes and the crossing ships would be
reduced a lot. Besides, the TSS could guide the vessels to avoid the obstructions to
navigation and the fishing grounds or oil fields in the vicinity of navigable waters.
According to the statistics, 20 TSS’s are established to separate traffic flow at a
crossing or a junction, 44 exist in the converging areas. Besides, more than 110
TSS’s are simply designed to separate the opposing streams of traffic. What is
Inshore waters Cape areas Port entrance Narrow passage Others
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more, there are 20 fan-shaped TSS mainly concentrating in the waters such as
waterways to port or estuaries.
2.3 Statistics and analysis of the integrant parts of TSS
2.3.1 Analysis of the traffic lane in TSS
When determining the width of a traffic lane in TSS, there are many influencing
factors to be taken into account, such as the density and volume of traffic flows, the
positional accuracy within the TSS, the interaction effects between ships, minimum
safety distance during overtaking as well as the available widths and depths.
In the part of analyzing the traffic lane of TSS’s, the configuration and width of the
lane will be analyzed respectively.
(1) The configuration of TSS
The configuration of TSS’s is largely constrained by the navigable environment and
geographical condition, and there are no specific requirements or suggestions in the
IMO General Provisions on ships’ routeing system. In practice, regularly shaped
TSS’s are not only of advantage for the design and identification, but also more
convenient for ships sailing in the traffic lane to accord with.
Of all the 258 TSS over the world, 202 are shaped rectangle or fixed-pitch polygon
with one or more corners. This kind of configuration is widely applied in the areas
of inshore waters, cape waters, narrow passages and other waters. Take the waters
off Chenshan Jiao Promontory in China for example, these areas are usually spacious
enough to implement TSS’s and enjoy more freedom. There are 26 TSS’s
designed in trapezoid, which are often used in the waterway entering and leaving
ports or the estuaries where the traffic flows are dispersing in fanwise. Elsewise, 30
TSS’s are shaped irregular focusing in the narrow passages where the sea-room is
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restricted or the traffic flows are complicated, for example, the TSS in the Strait of
Dover.
Table 1 depicts the constitution of each configuration of TSS in different areas. It is
clearly shown that the TSS in rectangle shapes are widely distributed in every kind of
waters, while 80% of the ladder-shaped TSS are concentrating in the waterways
entering or leaving ports, which is directly related to the fan-shaped separations in
the waters off the ports. The irregular-shaped TSS are often used in the narrow
passages and other waters.
Table 1- The constitution of configuration in different TSS waters
Source: the author
(2) The width of TSS
According to the statistics, of all the 180 TSS acknowledged by IMO, 81% of the
TSS’s are designed with a 0-4 n mile wide traffic lane, in which the minimum width
is 0.18n mile and the maximum is 8n mile while the average width of the traffic lane
is 2n mile. Table 2 below lists the statistics of the widths of traffic lane in different
waters, which demonstrates that the width of the traffic lane in different TSS’s varies
greatly in accordance with the aquatic environments.
Configuration Inshore Narrowpassage Cape
Entrance
to ports Others Distribution
Rectangle 28% 28.4% 19.5% 22.2% 1.9% Widely
Trapezoid 6.7% 6.7% 0 80% 6.7% Entranceto ports
Irregular 12.5% 53.1% 9.4% 25% 0 Narrowpassages
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Table 2 - The width of traffic lane in different waters
Waters
Width of the traffic lane (n mile)
Minimum Maximum Average
Inshore waters 0.18 8 2.57
Narrow passages 0.337 5 1.91
Cape areas 0.337 5 2.49
Waterways to port 0.18 6 1.26
Others 2 4.9 2.65
All 0.18 8 2
Source: the author
From the statistics, it is clear that in the other waters include open seas, the average
width of the traffic lane in TSS is 2.65n mile. The average width of the traffic lane
in the inshore waters is similar to that in the cape waters, which are 2.57n mile and
2.49n mile respectively. Different from the waters mentioned before, the width of
the traffic lane of TSS’s in the narrow passages and waterways entering ports are
relatively small, with an average in 1.91n mile and 1.26n mile respectively. In
terms of the specific width of the traffic lane in TSS, 22 waters are 1n mile wide, 24
areas are 2n mil and 31 places are designed with a 3n mile wide traffic lane.













0-1 53 8 19 2 32 -
1-2 67 12 21 11 36 2
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2-3 46 16 20 15 9 2
3-4 43 30 7 17 1 2
≧4 20 8 8 5 3 2
Irregular 30 4 27 3 8 -
Source: the author
Table 3 shows that the widths of traffic lanes have been further divided into 6
categories and the number of traffic lanes in each width domain has been recorded
according to the different types of waters where the TSS are established. From the
view of different waters, most TSS established in inshore waters and cape areas are
designed with a 1-4n mile width. The 0-3n mile wide traffic lanes are more
distributed in the narrow passages. Similarly, the widths of TSS in the waterways to
ports are falling in the domain of 0-2n mile. The statistics fully demonstrate that the
width of traffic lanes in TSS is largely influenced by the sea-room available .
2.3.2 Analysis of the separation zone or line in TSS
In IMO general provision of ships’routeing system, it is recommended that if space is
permitted, separation zone is preferred to separation line to separate the opposing
streams of traffic as well as to keep the local traffic clear of the TSS. (IMO, 2000)
What is more, the width of the separation zones, according to IMO requirements,
should be no less than three times the transverse component of the standard error
(measured across the separation zone) of the most appropriate of the position-fixing
methods. In the part of analyzing the separation zone or line of TSS, the separation
method and width of the zone will be analysed separately.
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(1) Separation method
Of all the TSS adopted by IMO, 14% waters are using separation line to separate the
opposing streams of traffic while 211 TSS areas are designed with separation zone,
accounting for 82% of the total. Another 4% shares are utilizing natural
obstructions or geographically defined objects to separate the opposing traffic flows.
In the TSS with separation zone, 164 separation zones, 64% of the all, are shaped
regularly. (See Figure 4)
Figure 4 - The statistics of separation methods
Source: IMO. (2010). IMO Ships’Routeing (2010 ed.). London: Author
(2) Width of the separation zone or line
After analyzing and sorting out all the samples available, the average width of all the
separation zones and lines is 1.24n mile, and the average width of the separation
zones alone is 1.517n mile. The minium width of the separation zone is TSS of









while the maximum width of the separation zone is 14n mile appearing in the TSS of
the Fa Platform in Indian Ocean. Table 4 below represents the results of the
statistics of width of separation zones.
Table 4 - The width of separation zone (line) in different waters
Waters






Inshore waters 0.3 14 2.2 2.04
Narrow
passages
0.243 5 1.311 1.104
Cape areas 0.35 5 1.855 1.75
Waterways to
ports
0.15 3.2 0.873 0.69
All 0.15 14 1.517 1.24
Source: the author
According to Table 5, the same treatment has been carried out as before, the widths
of separation zone (line) have been further divided into 6 categories, and the number
of separation zone in each width domain has been recorded according to the different
types of waters where the TSS are established. From the view of different waters,
64.3% of the TSS established in inshore waters have a 1-2n mile separation zone and
61.8% separation zones of the TSS in cape areas are1-2n mile. Furthermore, 56.6%
of the TSS in cape areas are 1-3n mile, while the range of the width in the waterways
entering or leaving ports are 0-3n mile, in which 88.7% are falling. From the
results, it is obvious to figure out that the average width of separation zones in
inshore waters and cape areas are wider than that in narrow passages and waterways
to ports, which also demonstrates that the width of separation zone are greatly
affected by the sea-room available.
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0 37 5 12 3 15
0-1 69 10 30 10 34
1-2 39 19 17 16 14
2-3 40 26 12 14 6
≧3 18 10 5 10 2
Irregular 47 10 15 5 17
Source: the author
Apart form TSS’s with irregular-shaped separation zone, the widths of regular shaped
separation zones are mostly falling in the domain of 0-3n mile, which accounts for
91%. Only 9% separation zones are wider than 3n mile. It is concluded that,
except for some special areas, the designs of most separation zones have something
in common.
2.3.3 Analysis of the offshore distance in TSS
The straits and cape areas are important waters where TSS are often needed. As
counted above, of all the TSS approved by IMO, 27 are established in cape areas and
61 are in narrow passages, which together accounts for 42%. To make sure the
vessels sailing in the TSS can locate properly with the use of visual and radar
positioning methods, allowing the ships to keep within the boundaries of traffic lanes
is important. Meanwhile, it is important to take into account the negative effects of
the winds and waves to the safety of smaller ships navigating far from coast. So the
proper offshore distance of a TSS is very important in designing.
According to the statistics, the average nearest offshore distance of all the TSS’s
approved by IMO is 10.7n mile, while the farthest is 19.2n mile. To further analyse
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the nearest offshore distance of TSS, the distance between coastline and both
boundaries are studied separately. For the offshore distance of inner boundary, the
minimum distance is 0.062n mile and the maximum is 67n mile. As to the offshore
distance of outer boundary, the minimum distance is 1.5n mile and the maximum is
74n mile.
Table 6 - The nearest offshore distance of TSS in different waters
Waters
Nearest offshore distance of TSS(n mile)
Minimum Maximum Average
All 0.062 67 10.7
Inshore waters 0.5 67 17.2
Narrow passages 0.42 20 6.12
Cape areas 1 20.1 6.72
Waterways to port 0.062 31 6.86
Others 9.7 47.2 32.7
Source: the author
It can be concluded from Table 6 that the average of nearest offshore distance in the
category others including open seas is the greatest, followed by the TSS’s in inshore
waters. TSS’s in narrow passages are closest to the coast whose average offshore
distance is about 6.12n mile because the width of navigable water space is limited .
Clearly, the offshore distance of a TSS is also affected by the geographical
environment in different waters. Table 7 is designed to dig out the rules in
distribution of the nearest offshore distance in different areas. The nearest offshore
distance has been divided into 5 categories and in each item the number of
corresponding TSS’s are recorded.
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Table 7 - The distribution of the nearest offshore distance in different waters
Distance (n mile) 0-2 2-5 5-10 10-20 ≧20
All 30 51 55 40 29
Inshore waters 4 8 18 12 19
Narrow passages 10 15 16 10 1
Cape 4 10 6 5 1
Waterways to
port
12 18 14 13 2
Others - - 1 - 5
Source: the author
From the above table, we can see it is not difficult to find that the nearest offshore
distance in different waters varies greatly. Almost all TSS’s in open sea areas are
more than 20n miles away from the coast while the nearest offshore distance of TSS
in narrow passages, cape areas and waterways to port mostly concentrate in the range
of 0-10n mile.
2.3.4 Analysis of the length of traffic lane in TSS
The average length of traffic lane in all the TSS approved by IMO is about 16.3n
mile. It is clearly shown in Table 8 that TSS in different waters vary greatly in
length, among which the average length of traffic lane in narrow passages is the
longest to 21.2n mile, while the shortest length appears in the TSS of waterways
entering or leaving a port, which is only 11.5n mile.
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Table 8 - The length of traffic lanes of TSS in different waters
Waters
Length of traffic lanes in TSS (n mile)
Minimum Maximum Average
All 154 1 16.3
Inshore waters 87.8 1.8 15.6
Narrow passages 154 1.5 21.2
Cape areas 35 4.3 13.4
Waterways to port 128 1 11.5
Source: the author
In practice, when designing TSS in waters where the navigation environment is
complicated or where freedom of movement of shipping is inhibited by restricted
sea-room and in converging areas, it is better to choose a longer traffic lane.
Because a longer guiding sailing distance for vessels to follow may improve the
safety to the navigation of vessels in such complicated waters. Take the TSS of
Ra's Tanura in Saudi Arabia for example, because of the available depth of water
around the traffic lane is not enough for the safety navigation for ships, the
government chooses to use a long-way traffic lane in TSS to lead the ships
navigating in the routeing safely from the port until the open sea where the depth of
sea around the TSS is deep enough. Another long-distance traffic lane is the TSS of
Marjan/Zujuf, used to keep the vessel away from the offshore drilling platform near
the routeing.
Table 9 - The distribution of the length of traffic lanes in different waters
Length (n mile) 0-5 5-10 10-20 ≧20
All 55 70 57 49
Inshore waters 12 22 23 15
21
Narrow passages 16 23 20 22
Cape 2 9 7 5
Waterways to
port
27 18 12 9
Source: the author
In Table 9, the length of traffic lanes have been further divided into 5 categories and
the number of traffic lanes in each length range has been recorded according to the
different types of waters where TSS are established. Compared to TSS’s in other
waters, the length of TSS’s in narrow passages is relatively longer, and the number of
traffic lanes longer than 20nmile is also the most. On the contrary, the length of
TSS’s in waterways entering or leaving ports is the shortest, among which the
number of traffic lanes shorter than 5n mile is the common. What is more, it is
obvious that almost 80% of all the TSS’s are designed with a traffic lane no longer
than 20n mile. The longest traffic lane over the world is the TSS in the Strait of
Canakkale (Yaltırak, Alpar, Sakınç,& Yüce, 2000) connecting the Black Sea and the
Mediterranean Sea, 154n mile in total. The shortest traffic lane, however, is the
TSS in the approaches to Iquique along the South America Coast, which is only 1n
mile.
2.3.5 Analysis of steering angle of TSS
Of all the 180 or more TSS adopted by IMO, there are more than 90 TSS’s which
have one or more turning points. The average steering angle is about 33°, the
largest angle reaches 80°, and most steering angles are within the extent of 10-40
degrees. The distribution of steering angles is presented in the Figure 5.
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Figure 5 - Distribution of steering angles of TSS
Source: IMO. (2010). IMO Ships’Routeing (2010 ed.). London: Author
The turning points of TSS’s are used in nearly all kinds of waters, such as inshore
waters, narrow passages, cape areas and waterways to ports. From the view of
different areas with established TSS, 31% turning points are in the inshore waters,
28% focus in narrow passages, 19% are at cape areas while the remaining 20% of the
turning points are in the waterways entering or leaving ports. (Xu, 2012)
However, the proportion of TSS’s that have turning points is different in every type
of waters. Table 10 lists the number and proportion of TSS with turning points and
their average steering angle in all kinds of waters respectively. According to the
statistics, 85.2% TSS in cape areas have turning points while the proportion in
waterways to ports is much lower, only about 46.4%. There is one point we need
to pay attention to: although the number of TSS’s with turning points in cape areas is
only 23, the proportion is the highest among all kinds of waters, which further
demonstrates the design of turning points in TSS related closely to the geographical
characteristics of target waters.
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Table 10 - Proportion of TSS with turning points in different waters
Waters Number Proportion Average degree
All 124 59.3% 33°
Inshore waters 39 60.0% 32.8°
Narrow passages 36 59.0% 32.5°
Cape 23 85.2% 29.2°




Research and Analysis of the Planning for Ships’ Routeing Systems
in Zhejiang Waters
3.1 The necessity of TSS in Zhejiang waters
3.1.1 Objective requirement for assurance of navigation safety
The initial objective of TSS is to organize the shipping traffic within a specific water
to lower the risk of collisions as well as to improve the navigation safety at sea. As
a matter of fact, the existing routeing measures have proved the positive effects to
the safety of navigation at sea.(Christiansen, Fagerholt, & Ronen, 2004) With the
rapid development of the marine economy both in China and Zhejiang, the traffic
flow in Zhejiang Waters is increasing instantly. In the meantime, the maximization
tendency of merchant ships along with the fast developing in fishery industries
makes the navigation environment in Zhejiang Waters more and more complicated,
which emphasizes urgent need for competent authorities to take measures to
strengthen the vessel traffic management and regulate ship’s navigating behaviors to
possibly lower the risk of collisions or other incidence that due to disordered traffic
flow.
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3.1.2 Needs for organized navigation environment to ensure the development of
marine economy
In recent years, the shipping industry as well as the fishery industry blossom in
Zhejiang Waters, which makes the conflict between navigation efficiency and safety
increasing outstanding. Implementation of TSS is an effective tool to regulate
vessel navigating behaviors, to improve the safety of life as well as the efficiency
of transportation at sea. Establishment in Zhejiang coastal ships' routeing can
reasonably improve navigable environment, ensuring sustainable marine economic
development in Zhejiang.
3.1.3 Practical needs for pollution prevention and protection of marine
environment
With the all-around implementation of strategy to make Zhejiang province superior
in marine economy, the construction and operation of the oil industry and chemical
wharves along the Zhejiang coast would definitely impose great threats to prevent
the marine contamination and to protect the ocean environment. Any accident of
oil spills from a large ship would cause disaster to the marine ecological
environment, such as the "Prestige" in Atlantic and the "Hebei Spirit" in South Korea.
(Kim et al., 2012) Planning and implementation of ships’routeing systems can not
only paly a role in preventing ship collisions but also satisfy the needs of preventing
marine pollution as well as protecting marine environment.
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3.2 Factors to consider when planing ships’ routeing system in
Zhejiang waters
3.2.1 Applicable area for ships’ routeing system
According to Paragraph 1 of Article 1 in the IMO General Provisions (1995), it is
required that the routeing schemes can only be established in the waters where the
safety of navigation would be significantly improved consequently, such as
converging areas and in areas where the density of traffic is great or where freedom
of movement of shipping is inhibited by restricted sea-room, the existence of
obstructions to navigation, and limited depths or unfavorable meteorological
conditions.
What is more, Paragraph 4 of Article 5 in General Provisions regulated that the
routeing systems should not be established in areas where the instability of the
seabed is such that frequent changes in the alignment and positions of the main
channels.
3.2.2 Applicable legal principles and requirements for ships’ routeing system
The factors that shall be taken into account by a Government are promulgated in
Paragraph 2 of Article 5 of IMO General Provisions (1995):
.1 their rights and practice s in respect of the exploitation of living and mineral
resources;
.2 previously established routeing systems in adjacent waters, whether or not
under the proposing Government's jurisdiction;
.3 the existing traffic pattern in the area concerned, including coastal traffic,
crossing traffic, naval exercise areas and anchorage areas;
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.4 foreseeable changes in the traffic pattern resulting from port or offs hore
terminal developments;
.5 the presence of fishing grounds;
.6 existing activities and foreseeable developments of offshore exploration or
exploitation of the sea-bed and subsoil;
.7 the adequacy of existing aids to navigation, hydrographic surveys and nautical
charts of the area;
.8 environmental factors, including prevailing weather conditions, tidal streams
and currents and the possibility of ice concentrations; and
.9 the existence of environmental conservation areas and foreseeable
developments in the establishment of such areas.
3.2.3 Relevant personnel and institutions to consult with
When designing a routeing system, it will absolutely involve many interested parties.
So it is very important to consult with all the parties involved at an early stage as
possible, which is required in Paragraph 7 of Article 5 of IMO General Provisions
(1995). The usual interested parties include:
.1 mariners using the area;
.2 authorities responsible for aids to navigation and for hydrographic surveys
and nautical publications;
.3 port authorities; and
.4 organizations concerned with fishing, offshore exploration or exploitation and
environmental protection, as appropriate.
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3.3 Technical criteria when planning and designing ships’ routeing
system
In the process of planning and designing ships’routeing systems, the influence of
relevant policies, laws and other legislatorial issues have to be considered primarily,
which is the premise and foundation. On this basis, further detailed analysis and
research in technical aspects may be carried accordingly to a practical and effective
scheme. In order to rationally plan and establish an effective and efficient routeing
system in Zhejiang Waters, the following technical criteria required in IMO General
Provision, would be analyzed separately.
3.3.1 Distribution of vessel track
In Paragraph 2 of Article 6 of IMO General Provision (1995), it is required that the
routes should follow as closely as possible the existing patterns of traffic flow in the
areas as determined by traffic surveys.
Patterns of traffic flow, which include the spatial distribution and duration of sailing
vessels, are one of the most important basic elements to reflect the actual situation of
marine traffic within a target area. When planing and designing ships’ routeing
system, it is a major task to investigate and analyse the spatial distribution of the
vessels navigating in the specific area, which is the basis to establish models of
traffic flow and clarify the streams of traffic in different directions.
To analyse the distribution of vessel tracks off Zhejiang coast is the basic step to
establish the traffic flow model, by which it is easier to comprehend the constitution
and direction of traffic flows and the situation of head-on encountering between
vessels. In allusion to the status quo and potential hazards to the traffic flow, a
scientifically and rationally designed scheme of routeing system may play a role in
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improving the safety and enhancing the efficiency of ship navigating in Zhejiang
waters .
In order to get a comprehensive picture of the ship traffic volume in Zhejiang waters,
a systematic observation of the vessel tracking based on Automatic Identification
System (AIS) data displayed in the Geographic Information System (GIS) of
Zhejiang MSA is used for tracking and recording. According to the results, the
characteristics of the distribution of the vessel tracks off Zhejiang coast would be
analyzed later.
3.3.2 Traffic density
Traffic density refers to the number of ships per unit area of water, which normally
contains two basic concepts of average density and the distribution of density.
(Greenshields, Bibbins, Channing, & Miller, 1935) It is also one of the most
important basic elements to reflect the actual situation of marine traffic. In
Paragraph 10 of Article 6 of IMO General Provision (1995), it is stipulated that the
design of traffic lanes in the mode of TSS should take account of the traffic density,
the general usage of the area and the sea-room available.
To rationally plan and design TSS in a specific area, it is essential to understand and
grasp the traffic density in this area. The way to get the information of distribution
of traffic density is a real time dynamic traffic monitoring, such as visual observation,
radar image photography, real time traffic information based on AIS information and
aerial photography.
Fujii and Tanaka (1972) conducted a research to analyse the basic capacity, in a
one-way route and under ordinary navigating conditions, corresponding to vessels of
different size and speed. The research shows that, for the 20,000 gross tonnage
vessels with an average length of 127 meters , speed 13.4 kn, the basic capacity in 1n
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mile traffic lane is about 150 vessel/hour. Obviously, most of the waterways and
ships’ routes satisfy the need for basic capacity calculated by Fujii. So it is more
important, when planing and designing the ships’ routeing system, to analyse the
distribution of traffic density. There are two requirements to be taken into account:
to make the planned routeing system follow as closely as possible the existing
patterns of traffic flow, and to organize the traffic flow especially in the converging
areas where the traffic is density. Ships’ routeing system in one water is often
designed in the areas where the traffic density is great, which is just the place where
the traffic is relatively crowded and dangerous. If the average traffic density in the
covering waters of planned traffic lane in a routeing system is higher, it is proved that
the TSS' is playing an ideal role in guiding the traffic flow patterns and changing the
unreasonable distribution of density traffic flows. (Goldwell, 1983)
3.3.3 Ship encountering
It is the basic implementation traffic control measures to familiarize with the real
situation of ships encountering that includes the number, types and position of
encountering, according to the investigation of traffic patterns.
The high frequency of accidents occurring in the Strait of Dover Cartwright, 1961) in
the past made experts to dig out the influencing factors related to the collisions at sea.
The result of the investigation showed that the collisions were closely related to the
complicated traffic flows that formed a large number of vessel encountering at that
time and location. After that, the United Kingdom and France Government adopted
the first IMO approved TSS to separate the opposing streams of traffic, which has
largely reduced the chances of head-on encounters and lowered the risk of collisions
accordingly.
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In the International Regulations for Preventing Collisions at Sea, 1972 (COLREG
1972), the encountering situations are divided into two categories, that is, overtaking
and head-on situation.
Cockcroft (1982) conducted a statistical analysis, from a technical point of view for
preventing collisions, between ships at sea within the period of 1956-1970. The
results of Cockcroft’s research showed that, in the condition of good visibility, 70%
of the collisions attributed to two vessels’ crossing, mainly due to negligence of
lookout. However, when the visibility was poor at sea, almost 90% of collisions
occurred in the situation of vessels meeting on reciprocal or nearly reciprocal courses,
the main reasons of which were improper use of radar or misinterpreted radar
information or even the high speed of ships.
Although in COLREG 1972, there are specific stipulations on what-to-do in head-on
situations, actually, it is hard for navigators to determine whether two vessels are
exactly in the head-on situation described in the regulations. So the inharmonious
actions of two navigators would probably lead to a lot of collisions due to
encountering. Ships’ routeing system is just the effective solution to fundamentally
eliminate or reduce the head-on situations and risk of collisions by means of
separation zone (line) and traffic lane.
Establishment of ships’ routeing system, in one aspect ,would greatly reduce the
vessels head-on situations. However, as a side effect they unfortunately increase
the number of overtaking encounters and the risk of overtaking collision
correspondingly. For this reason, the British scholar on traffic engineering
conducted a in-depth research on the issue of overtaking in traffic lane of TSS, and
put forward a calculated value of minimum safe overtaking distance (MSOD) in fog.
By means of a mathematical model and radar simulator experiments, Curtis (1980)
makes a conclusion that the MSOD is mainly dependent upon the speed of the
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overtaken ship A and on the response time of the overtaking ship B. The angles of
course-alteration of overtaken ship and mariners’ actions during overtaking
encounters as well as the maneuvering performance of overtaking ship were also
decisive. Typically, in a fog an officer in a VLCC will have a response time of
about 7 minutes, in a general cargo ship about 5 minutes and in a highly
manoeuvreable vessel, about 3 minutes. MSOD increases with increase in response
time and higher speeds of overtaken ship A, but does not depend on the speed of the
overtaking ship B. Their relationships are presented in Figure 6.
Figure 6 - Minimum safe overtaking distance for response times 3, 5 and 7 min.1
Source: Curtis, R. G. (1980). The probability of close overtaking in fog. Journal of
Navigation, 33(3), 329-340.
1 Length of target ships 32 j m, radius of turn 0-4 nra
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3.3.4 Traffic at a crossing or junction
Whether from the view of statistics of accidents in reality or from the mathematical
model of vessel collision, the areas where ships converge at a focal point, route
junctions and intersections are of frequent collisions. In these waters, the traffic
density is much higher and the routes are connecting and crossing, which would
made the vessel encounters increase significantly. The risk of traffic accidents
increases with the increase of uncertainties of the mariners in the process of collision
avoidance maneuvering in such highly busy waters.
There are many influencing factors in the aspect of route converging and crossing, so
it is difficult to specifically calculate or evaluate them using quantitative methods.
The better way to judge this aspect is by qualitative analysis. According to the
stipulations in IMO General Provisions (1995), the following aspects should be taken
into account when planning and designing TSS:
1.According to the specific circumstances of waters, the number of convergence
areas and route junctions should be kept to a minimum and the course alterations
along a route be as few as possible.
2.The course alternations should be avoided in the approaches to convergence
areas and route junctions or where crossing traffic may be expected to be heavy.
3.When routes converge, it may be best to terminate them clear of their potential
joining points and in such a case a precautionary area can be instituted so as to
emphasize the need for care in navigation.
4. The fan-shaped separation zone may be used in the adjacent TSS close to the
focal point.
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3.3.5 Depth of the route
Depth of the route also affects the safety of navigation in traffic lane to some extent.
To eliminate or reduce the collision risk and take full advantage of navigable waters
whin a TSS, the following points should be taken into account when planning and
designing routeing system:
1. Have a full picture of the maximum depth of water attainable along the length
of the route, especially comprehend the points with reefs, shallows, underwater
shipwrecks and their accurate depth as well as the reliability of relevant information.
2.TSS should be established in the areas,if practicable, where the water depth is
unrestricted and the sea-bed is stable.
3.When the depth of route is restricted due to the existence of obstruction such as
reefs, shoals, the minimum depth of water shall be deeper than the maximum draft of
the ships using this route, and adequate under-keel clearance is a must.
4. If the depth of water in some part of the concerned areas is limited, it is better to
use a deep-water route for use by ships whose draft is confined, which would better
utilize both the navigable waters and deep-water route.
5.When designing a deep-water route, the key turning points shall be pointed out in
the charter. What is more, any undersea wrecks and obstructions within the
boundaries shall be clearly figured out and the information be frequently checked
and updated.
3.3.6 Aids to navigation
To satisfy the need of determination with ship position with sufficient accuracy to
navigate in the scheme, when planning and designing TSS, the design criteria
stipulated in the Paragraph 12 of Article 6 in IMO General Provisions (1995) shall be
kept in mind, which refers to the fact that no matter day or night, ships are able to fix
their position, by means of any recommended position fixing methods,anywhere
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within the limits. The recommended methods are listed in the IMO General
Provisions as follows:
1. Visual bearing of readily identifiable objects;
2. Radar bearings and ranges of readily identifiable objects;
3. D/F bearings; and
4. Other radionavigation equipment suitable for use throughout the intended
voyage.
3.3.7 Navigational hazards
Navigational hazards generally refer to the obstructions both above and under water,
such as isolated islands, reefs, shoals, fishing stake, shipwrecks and buildings for
coastal exploitation and resource development. Before planing and designing TSS
in a target area, anticipated or existing navigational hazards shall be investigated
comprehensively in case of unwanted damage to the safety of vessel navigation in
this area.
In theory, TSS should be established in the areas far away from the navigational
hazards as possible. However, in the narrow passages where the navigable area is
restricted, the obstructions are often unavoidable. In order to take full advantages
of navigable waters and the aids to navigation in the area, it is applicable to use the
obstructions as natural divisions for opposing traffic streams only if they are clearly
indicated on charts and in nautical publications.
3.3.8 Fishing activities
The earliest conflicts at sea are not between the vessels that engaged in ocean
transportation, but the conflicts between the vessels engaged in fishing and other
types of ships. (Wang et al., 2005) When it comes to the fishing season, large
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number of fishing vessels are gathering in the vicinity of continental shelf and coast,
where the density of traffic is also great. The indisciplinable fishery activities of
fishing vessels have been posing tremendous threats to the navigation safety of
merchant ships, and the conflicts are getting intensified with the continuous
development both in marine fisheries and shipping industry.
Since the ships’ routeing system is not mandatory to fishing vessels, it is difficult to
solve the contradiction between the merchant ships and fishing vessels by means of
TSS. When planing and designing TSS, it is important to protect the fishery
resources and do not disturb the exploitation and production of fishery, and at the
same time, to avoid or eliminate the conflict between the fishing and shipping
transportation as possible. The following contents are suggested to be taken into
account before establishing a TSS in such areas:
1.To investigate and get familiar with the plots and distribution of fishing grounds
according to different fishing seasons, rationally organize and guide the traffic safely
sail through or clear of them;
2.To understand the characteristics of seasonal fishing activities, including their
commonly used fishing gears and the working patterns when the fishing vessels
engage in fishing operations, which may help the designers to determine the rational
deviation distance and corresponding width of traffic lane and separation zone;
3. If there are too many fishing vessels transiting in coastal waters, it is considerable
to set up Offshore Traffic Zone for this ships to sail, in case of negative influences to
the navigation safety of the merchant vessels in the planned traffic lanes.
3.3.9 Distribution of traffic accidents
Distribution of traffic accidents refers to the geographical distribution of ship
collisions within a specific period and area. Distribution digram of ship collision
reflects the geographical distributing patterns of collisions in a concerned area, which
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also shows the comprehensive influence by factors such as traffic flow characteristics,
hydrometeorological conditions and the waterway environment.
The distribution of accident in one area is usually obtained by statistic collection, and
the results are often presented in a distribution diagram. From the distribution
diagram of accidents, it is clear to figure out the dangerous areas where the collision
risk is higher. According to the planning principles of IMO General Provisions, the
proposed routeing system should only be established in the areas where the
navigational safety can be significantly improved. Obviously, the areas referred to
in the IMO General Provisions are just the dangerous zones of high risk, which are
corresponding to the relative concentrative areas displayed in the collision
distribution diagram. Only through the establishment of TSS’s in these areas
concerned , the ultimate goal of improving the navigational environment and
enhancing the safety as well as the efficiency can be achieved.
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Chapter 4
Analysis of Navigation Situation in Zhejiang Waters
It is the basic and starting point for scientific planning and implementing
ships’routeing system to comprehensively familiarize and understand the situation of
marine traffic flow as well as the accident situation in Zhejiang waters. By means
of on-site observation and reference materials searching, we have collected the data
and information about the Zhejiang waters in all aspects. On the basis of systematic
analyses, we have preliminarily comprehended the distribution of ships’tracking and
traffic flow in the Zhejiang waters, summarized the overall navigation situation
and characteristics of ships structure and navigating habits in Zhejiang waters, which
provides a specific theory basis for future planing and implementing ships’ routeing
system in Zhejiang Waters.
Zhejiang waters are crisscrossed by several traditional routeing and seaways. There
are four main routes passing through Zhejiang waters from north to south namely
Offshore Route (OR), Eastern Route (ER), Middle Route (MR) and Western Route
(WR), which also cross the traditional fishing grounds along the Zhejiang coast
where the fisheries are gathering. (Sailing Assurance department of Navy Command
Headquarters of People's Liberation Army, 2006) After the bilateral fishery
agreements between China and Japan as well as the agreements between China and
Korea taking effect, large number of fishing vessels came back to Zhejiang waters,
which resulted in a tremendous increase in terms of fishing vessels number per unit
area, especially in the fishing seasons.
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Figure 7 - Main North-South routes in Zhejiang Waters
4.1 Navigation patterns of vessels sailing north-south through
Zhejiang Waters
Ships sailing in north-south direction along the Zhejiang Coast may choose the OR
eastern to the Saddle Islands or ER that nearer to the coast, crossing the Lvhua
Seaway and Xiaoban Seaway, or even the alongshore MR and WR according to the
vessel’s sailing condition.(see Figure 7) In fact, with the rapid development in
shipping industry and navigation technology, the vessel sailing patterns start to
manifest the differentiation. Apart from the small vessel under 1000t choosing the
traditional seaways along the coast, more ships wish to choose the routes away from





4.2 Characteristics of traffic flow in Zhejiang Waters
According to the systematic observation of the vessel position tracking based on AIS
data displayed in the GIS of Zhejiang MSA, the marine traffic in Zhejiang Waters is
busy but regular to some extent:
a.The converging areas along the Zhejiang coast are relatively concentrated;
b.The sea traffic flow in the routes to or from the main ports is quite intensive,
especially in the northern Zhejiang part where the converging situation of traffic
flow from several directions is more complicated;
c.The traffic flow on the recommended ER and WR is much greater than that on
the recommended OR and other nearshore traditional routes,the main converging
areas which are of high risks of collisions are labeled in the rutter. (see Figure 8)
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4.3 Analysis of the characteristics of vessels sailing north-south in
Zhejiang water
4.3.1 Constitution of vessel types
To investigate and quantitatively analyse the marine traffic situation is the basic job
for scientific research and planning ships’ routeing system in certain waters. Figure 9
shows the makeup of vessel types navigating in the WR, ER and OR respectively,
from which we can easily find that the most common vessels are general cargo ships
accounting for more than 50% , tankers next.





Constitution of vessel types in different routes
Passenger ships Law- enforcement Tanker Tug Search andRescue Pilot shipsHigh-speeCargo ships
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4.3.2 Constitution of vessel speed
Speed in traffic flow is defined as the distance covered per unit time. (Gerlough &
Huber, 1976). Through analysing the constitution of speed in traffic flow, it is easy
to find out where overtaking takes place frequently. The areas, where the difference
in speed between vessels is bigger, are more likely to have vessels overtaking each
other, which means high risks of collisions come. It needs more attention to be paid
to when planning the measures of ships’ routeing system in those areas. Figure 10
shows the velocity of vessels navigating in different main routes in Zhejiang Waters,
from which we can find that the constitution of vessel speed varies in different routes.
The vessel sails fastest in OR and slowest in WR. The range of velocity in OR is
the greatest, where the largest proportion of ship speed is 12 kn. What is more, the
number of vessels sailing faster than 12kn is more than those sailing slower than
12kn, which means the overtaking between vessels happens more frequently in OR
than in other routes. The average velocity of vessels in ER is faster than that in WR,
the vessel speed concentrates between the range of 9-10kn in ER and between
8-10kn in WR.
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Figure 10- Constitution of vessel speed in Zhejiang main routes
Source: Zhejiang MSA
Synthesizing all the characteristics of vessel speed in OR, ER and WR, the
constitution of traffic flow in Zhejiang waters is displayed in Figure 11, which shows
that the majority of vessels sailing in Zhejiang areas are small or medium size ships
with the velocity concentrating between 8kn to 10kn
Figure 11- Constitution of vessel speed in Zhejiang waters
Proportion of vessel speed in WR
Proportion of vessel speed in WR
Proportion of vessel speed in ER
Constitution of vessel speed in main routes
Constitution of vessel speed in Zhejiang waters
Proportion of ship speed
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4.3.3 Constitution of vessel size in length
When planning a ships’ routeing system, the size of the vessel navigating in the
routes will determine the width and depth of the route being designed. It is crucial
to have a general idea of the size of vessels sailing in the Zhejiang waters. Figure
12 displays the proportion of different vessel size in the main routes off Zhejiang
coast separately. It is clear that the vessels above 200 meters are more likely to
choose the OR and the vessels about 100m prefer to sail in the ER, while the smaller
vessels ranging from 50-100m are gathering in the WR.
Figure 12- Constitute of vessel size in length in Zhejiang Waters
Source: Zhejiang MSA




Analysis of Navigation Safety Conditions in
Zhejiang Waters
The main purpose of the implementation of ships’ routeing system is to eliminate or
reduce the risk of casualties, such as collision, grounding in the target areas. To
investigate and analyse the traffic accidents in Zhejiang waters may help us to better
grasp the safety status in the areas in case of unpleasant casualties. In this part, the
accident materials in the recent years will be presented and analyzed, which helps us
to figure out the characteristics and patterns of the traffic accidents in Zhejiang
waters and to seek for the underlying causes to the casualties.
5.1 The basic situation of traffic accidents in Zhejiang waters
As mentioned before in the introduction, in the last 5 years, 269 major accidents
happened in Zhejiang waters, in which the number of collisions is 202 occupying
70% of the whole. According to the further statistics of Zhejiang MSA (2012),
there were 40.5 collisions between merchant ships and fishing vessels, which caused
154 deaths and 49 ships sunk in total. After analyzing the distribution of the vessel
types involved in the casualties in Zhejiang Waters (see Table 11), two main
characteristics are presented as follows:
1. The risk of collisions is so high that nearly 90% of the accidents are
collisions.
2. Damage caused by collisions between merchant ships with fishing vessels is
quite serious, leading to more than half of the total deaths in Zhejiang waters.
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Most collisions occurred along the recommended ER, WR and other customary
nearshore routes, while lots of groundings happened in or around the nearshore
routes. The distribution of casualties in the Zhejiang waters is displayed in Figure
13, where we can easily see that the collisions involving fishing vessels focused in
the areas such as Langgang area, Xiaoban area, Taizhou Bay area and Beiji area,
which are the same places that we have figured as converging areas in Chapter 4.2
before.
Table 11- Distribution of the vessel types involved in casualties off Zhejiang










213.5 154 284 39300
No.of collisions 191 154 284 39300
Collisions involving
fishing ships
40.5 49 154 4900
Proportion of the
collisions
18.97% 31.82% 54.23% 12.5%
Source: the author
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Figure 13- Distribution of collisions in Zhejiang waters
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5.2 Analysis of the collisions between merchant ships and shipping vessels
Zhejiang coast is a famous fishing ground in China, where a large number of fishing
vessels are sailing and operating. The number of fishing vessels registered in
Zhejiang Province reaches almost 100 thousand, in which 35 thousand ships are
ocean-going ships primarily working in the costal waters. (Zhejiang Fishery
Administration, 2010) Every year during the fishing seasons, both local and
nonlocal fishing vessels are gathering in the fishing grounds along Zhejiang coast,
under quite intense fishing operation in Zhejiang waters. (Li, Miao & Shui, 1995)
However, the traffic flow of merchant ships is also quite heavy, where nearly 4000
ships per day on average are passing by. Because of the complicated encountering
situations between merchant ships and shipping vessels, the risk of collisions
between these two types of vessels is one of the major hidden hazardous in Zhejiang
waters. In 2010, under the direction of the Ministry of Agriculture, the Eastern Sea
Fishery Administration did a statistic of the collisions between fishing vessels and
merchant ships within the China eastern sea area during the past several years.
According to the frequency and the severity of the accidents in different fishing
grounds,the Fishery Administration mapped a collision warning diagram, in which
different colors present the severity in each grid of fishing grounds. (see Figure 14)
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Figure 14 - Distribution of collisions between merchant ships and fishing vessels in China
Eastern Sea
Source: Zhejiang Fishery Administration
Unfortunately, the warning diagram published by the Fishery Administration again
proves that the original recommended ER, WR and the customary routes are of high
frequency of collisions. And the converging areas where the encountering
situations between fishing vessels and merchant ships are extremely complicated are
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the same as those pointed out by the above mentioned traffic flow digram provided
by Zhejiang MSA.
According to the statistics of Zhejiang MSA, the collisions between merchant ships,
especially the sever ones causing deaths or missing, happen more likely on foggy
days, which may largely attribute to the negligence of lookouts and other human
factors. However, besides the human factors, there are some objective and
customary reasons contributing to the collision between merchant ships and fishing
vessels:
1. A merchant ship sailing through the 200n mile Zhejiang coste has to come
across many fishing grounds along the way through. Whatever routes the ship
may choose, it definitely will crisscross the only routs where fishing vessels are in
and out the fishing ports. A long period sailing through fishing grounds might
lead the navigators keeping in high tension for so long that objectively improve the
probability of collision.
2. Neither the bad sailing habits of the fishing vessels nor the strange working
mode is difficult for the merchant ships to understand and accept, (Li & Shi, 2007)
such as the fishing boats prefer to take the risk of crossing the bow of bigger
ships or to adventure in heavy foggy days. What is worse, when going out or
back to the ports, the fishing boats are always navigating in fleet and sometimes no
one is on the bridge for proper looking out, which will greatly increase the risk of
casualties.
3. The merchant ships are not familiar with the navigating and working habits of the
fishing vessels. To foreign ships, especially to the navigators coming for the first time,
they do not know the distribution of the fishing grounds along Zhejiang coast and not
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fully comprehend the sailing and working mode of the fishing vessels and do not
comprehensively prepare the navigating plan, which leads to lack of preparation and
emergency response to the risk of high probable collisions.
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Chapter 6
Proposed Ships’ Routeing System in the Case of Xiazhi
Converging Area
On the basis of the investigation of the navigation patterns and accident distribution,
especially collisions involving fishing vessels in Zhejiang waters, combined with the
information about hydrology, meteorology and navigational aids along Zhejiang
coast, it is necessary to plan and establish ships’ routeing systems along Zhejiang
coast, especially in those converging areas mentioned above. In this part, the
author takes the Xiazhi converging area outside the Ningbo Port as an example, to
propose a ships’ routeing system based on the criteria set in IMO General Provisions
and the general rules summarized from all the existing routeing systems worldwide.
6.1 Introduction of Xiazhi converging area
The Xiazhi converging area is located to the east of Taohua Island and Xiazhi Island,
which is an important access to or from Ningbo port. In this area, the traffic flows
are relatively chaotic that the ships converge from various directions. Fortunately
the mass can be roughly divided into 6 directions, that is, traffic flow from northeast
to southwest along the ER, traffic flow from OR entering or leaving
Ningbo-Zhoushan port and the traffic flows along ER entering or leaving the main
port from the direction of south, west and northeast respectively. (Hu, 2004)
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The traffic density is great in the Xiazhi converging area, and there are more than
2300 vessels passing through this area every week, nearly half of which are small
ships less than 50 meters long. (Ningbo MSA, 2012) The number of merchant
ships navigating through the Xiazhi waterway per week is about 350, half of the
vessels are large ships more than 100 meters long. Large ships coming to Ningbo
port are often from southeast and northeast, while the ships in north-south direction
are more passing-bys. Figure 15 represents the traffic situation in Xiazhi
converging area, excluding fishing ships











6.2 Considering factors when planning ships’ routeing system in
Xiazhi converging area
6.2.1 Choice of combination of different routeing methods
According to the analysis in Chapter 2, 42% of the routeing methods are TSS, which
play a significant role in separating opposing streams of traffic largely reducing the
head-on encountering situations. In Xiazhi converging area, a deep-water route has
been set up for the loaden VLCC/VLOC whose draft exceed 20 meters entering or
leaving Ningbo port. (Zhejiang MSA, 2010) What is more, the converging traffic
flows from 6 directions and the anchorage areas in the adjacent areas for vessels
waiting as well as large number of fishing vessels in the vicinity of routes. So it is
recommended that TSS and precautionary area at a junction are both used in this
area.
6.2.2 Distance between traffic lane and anchoring zone
When determining the distance between traffic lane and anchoring zones, there are
two factors to be taken into consideration: the first is minimum distance to keep the
anchored ships in safe anchorage from the vessels passing through the traffic lanes.
And the second consideration is the minimum requirement to keep the navigating
vessels not being disturbed by the anchored ships in or around the anchorage areas.
(Xu & Shen, 2006) Both the navigating safety of the sailing ships and the
anchoring security for the mooring ships have to be considered, and to find a rational
way to ensure all ships are safe in this area no matter sailing or anchoring.
From the view of projecting an anchoring zone, the distance between the boundary of
anchorage and the outer side boundary of the traffic lane shall not be less than 2 to 3
times the length of the largest ship anchoring in the anchorage. (Ma, Wu, & Liu,
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2007) While from the view of planing ships’ routing, the distance between
boundary of anchorage and the center line of the traffic lane shall be more than 2
times the length of the largest vessels navigating in the traffic lane. (Xu, 2005)
6.2.3 Width of the traffic lane
Among all the influencing factors of TSS, the relationship between width of the
traffic lane and the amount of traffic is the most closest pair. (Xu, 2012) The width
of traffic lane of TSS directly influences the incidence of vessel encounters that
relates to the risk of encountering collisions.
According to Fujii’s model of effective domain in his research of traffic capacity in a
one-way route, he concluded that the effective domain was an ellipse centering at the
ship position, the major axis was 7 times the overall ship length (L) while the minor
axis was 3 L. In normal sailing condition, the effective domain of an overtaken
vessel was 8L in major axis and 3.2 L in minor axis. However, when sailing to the
harbour waters and narrow passages where a relative slow speed is needed, the scale
of effective domain is cutting down correspondingly to 6L in major axis and 1.6L in
minor axis. Apparently, the widths of both traffic lanes and separation zone
between them are affected by many other factors in the congested coastal areas and
narrow passages where the operation is limited. (Liu, Han & Gao, 2008) In Table
12, some width types of TSS in restricted waters are recommended, in which L
means the maximum length of the ships sailing in the concerned area.
Undoubtedly, the Xiazhi water is one of the most congested areas along Zhejiang
coast, and according the table above, the 3.2L-L-3.2L width pattern is applicable in
this area. The longest ships navigating in this area are about 350 meters long, which
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can calculate the proposed width of traffic lane is about 1120 meters, that is 0.6 n
mile.
Table 12 - Suggestion to the width of traffic lane




















Source: Fujii, Y., Tanaka,K. (1971)
6.2.4 Establishment of precautionary area
After analyzing the status of traffic flow in the Xiazhi area, traffic flow from 6
directions are converging in this area, which makes the encountering situations
extremely complicated. A simple rectangle-shaped precautionary area may not be
able to clarify the complex traffic patterns, and it may make the traffic too
concentrated in this area. For this reason, it is recommended in this article to use a
roundabout to guide traffic counter-clockwise round a circular separation zone
centering with the large buoy (29°40′58.4″N ， 122°32′24.3″E). Using such
roundabouts to connect several parts of TSS is commonly used in IMO routeing
systems and being endorsed very well, such as the TSS in the English Channel and
TSS in the Strait of Istanbul. (IMO, 2005)
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6.3 Proposed ships’ routeing system in Xiazhi converging area
Taking into consideration all the relative criteria and suggestions, the author
proposes a routeing system plan in the Xiazhi converging area, depicted in Figure
16.
In the proposed routeing system, the methods of TSS and precautionary area with
recommended direction of traffic flow around an area to be avoided are used. In
this plan, a circle centering upon the Xiazhi large buoy of radius 0.2 n mile is set up
as an area to be avoided and direction of traffic flow is recommended around it,
which may lower the incidence of head-on encounters in the direction of north-south
and east-west. Besides, it is better to set several electrical virtual beacons along the
separation zone (line) to help the vessels accurately fix position. There are four
TSS’s and a precautionary area:
Northern lanes
(a) A separation zone, 0.3 nautical miles wide, is centered upon the following
geographical positions:
(1) 29°41'.51N, 122°33'.50E (2) 29°44 .21N,122°36'.24E
(b) A traffic lane, 0.75 nautical miles wide, is established on each side of the
separation zone.
Southern lanes
(a) A separation zone, 0.3 nautical miles wide, is centered upon the following
geographical positions:
(3) 29°40'.27N, 122°32'.47E (4) 29°40'.05N,122°32'.23E
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(b) A traffic lane, 0.75 nautical miles wide, is established on each side of the
separation zone.
Western lanes
(a) A separation line connects the following geographical positions:
(5)29°40'.56N, 122°32'.18E (6) 29°44'.58N,122°22'.04E
(b) A traffic lane for inbound traffic, 0.7 nautical mile wide, is established to the
north of the separation line.
(c) a traffic lane for outbound traffic, 0.6 nautical mile wide, is established to the
south of the separation line.
Eastern lanes
(a) A separation line connects the following geographical positions:
(7)29°40'.41N, 122°33'.36E (8) 29°40'.43N,122°35'.04E
(b) A traffic lane, 0.75 nautical mile wide, is established on each side of the
separation line.
Precautionary area
(a) The focal point of the precautionary area is located at the following
geographical position:
(9) 29°40'.58N, 122°32'.24E
(b) A counterclockwise direction of traffic flow is recommended around the focal
point.
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Conclusion and Future Work
7.1Conclusion
Ships’ routeing system is one of the most effective measures to control the vessel
traffic flow and to reduce the collision risk due to head-on encounters.
Establishment and implementation of ship’s routeing system off Zhejiang coast is an
ambitious goal and effective way for the competent authority to enhance the traffic
safety and improve the transport efficiency. In this research, detailed findings can be
summarized as follows:
(1) After exploring in detail the existing TSS’s approved by IMO from the the
aspects such as configuration of TSS, width of traffic lane and separation zone, the
offshore distance, it is clear that most of the TSS are following the design criteria set
out in the IMO General Provisions, except some areas restricted by geographical
environment. The design and planning of ships’ routeing system are largely
influenced by the geographical environment and existing traffic flow patterns.
(2) After analyzing the traffic situation and the accident statistics off Zhejiang coast,
it is not hard to find out the traffic flow patterns in Zhejiang waters are quite
complicated, and the fishing vessel activities are threatening the safety of navigation
safety of merchant ships sailing in Zhejiang waters.
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(3) Through an analogy of the situation in Zhejiang and that of other waters where
the TSS’s exist, it is indicated that it is suitable and necessary to establish a routeing
system in Zhejiang waters.
(4) The proposed routeing system in Xiazhi converging area, where the traffic flow
pattern is very representative along Zhejiang waters, is supposed to simplify the
traffic flows and improve the navigation safety in this area.
7.2 future work
This paper introduces a ships’routeing system in Zhejiang waters. Based on the
analysis of existing IMO approved routeing systems and the actual situation in
Zhejiang waters, it demonstrates the necessity of overall implementation of routeing
system along Zhejiang coast. Therefore, there are some suggestions for further
work as follows:
(1) After the whole plan of routeing system is established, it is suggested that the
whole planning could be assessed by competent authorities. The Formal Safety
Assessment and Risk Assessment are all popular assessment methods to testify the
effective and efficiency of the proposed routeing systems. The situation with no
routeing measures should be compared with a situation with recommended routeing
measures, to check out whether the proposed schemes have achieved their initial
purpose or needed to be amended.
(2) It is better to submit the routeing system to IMO for adoption, because IMO is
recognized as the only international body responsible for establishing and adopting
measures on an international level concerning ships’routeing system. (IMO General
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Provisions,1985). It is helpful to make the routeing system widely known and to
make sure more ships, especially for the ships first come to Zhejiang waters, can
easily get access to the proposed routeing.
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